Predisposed Intrinsic and Extrinsic Proton Conduction in Robust Covalent Organic Frameworks for Hydrogen Fuel Cell Application.
Developing new materials to fabricate proton exchange membranes (PEMs) for fuel cells is of great significance. Herein, a series of highly crystalline, porous and stable new covalent organic frameworks (COFs) have been developed by a stepwise synthesis strategy. A high density of azo groups accompanied by phenolic hydroxyl groups are integrated into the COF structures, allowing azo groups to serve as proton acceptors and load sites for added acids, while phenolic hydroxyl groups serve as proton donors facilitating proton conduction. The synthesized COFs exhibit high hydrophilicity and excellent stability in strong acid or base (e.g. 12 M NaOH or HCl), and boiling water. These features make them ideal platforms for proton conduction applications. Upon loading with H 3 PO 4 , the COFs (H 3 PO 4 @COFs) not only realize an ultrahigh proton conductivity of 1.13 × 10 -1 S/cm, the highest among all COF materials, but also maintains high proton conductivity across a wide relative humidity (40-100%) and temperature range (20-80 °C). Furthermore, membrane electrode assemblies are fabricated using H 3 PO 4 @COFs as the solid electrolyte membrane for proton exchange resulting in a maximum power density of 81 mW/cm 2 and a maximum current density of 456 mA/cm 2 , which exceeds all previously reported COF materials. This work not only develops an approach to prepare COFs with multiple bond linkages, but also sets new COF benchmarks for proton conduction and PEM fuel cell performance.